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OBJECTIVE — To determine whether short-time, real-time continuous glucose monitoring 
(RT-CGM) has long-term salutary glycemic effects in patients with type 2 diabetes who are not on 
prandial insulin. 

RESEARCH DESIGN AND METHODS— This was a randomized controlled trial of 100 
adults with type 2 diabetes who were not on prandial insulin. This study compared the effects of 
12 weeks of intermittent RT-CGM with self-monitoring of blood glucose (SMBG) on glycemic 
control over a 40-week follow-up period. Subjects received diabetes care from their regular 
provider without therapeutic intervention from the study team. 

RESULTS — There was a significant difference in A1C at the end of the 3-month active in- 
tervention that was sustained during the follow-up period. The mean, unadjusted A1C decreased 
by 1.0, 1 .2, 0.8, and 0.8% in the RT-CGM group vs. 0.5, 0.5, 0.5, and 0.2% in the SMBG group at 
12, 24, 38, and 52 weeks, respectively (P = 0.04). There was a significantly greater decline in A1C 
over the course of the study for the RT-CGM group than for the SMBG group, after adjusting for 
covariates (P < 0.0001). The subjects who used RT-CGM per protocol (>48 days) improved the 
most (P < 0.0001). The improvement in the RT-CGM group occurred without a greater in- 
tensification of medication compared with those in the SMBG group. 

CONCLUSIONS — Subjects with type 2 diabetes not on prandial insulin who used RT-CGM 
intermittently for 12 weeks significantly improved glycemic control at 12 weeks and sustained 
the improvement without RT-CGM during the 40-week follow-up period, compared with those 
who used only SMBG. 



The prevalence of diabetes is projected 
to rise from the current 1 1 % of the 
U.S. population aged >20 years (1) 
to as much as 33% by 2050 (2). Those 
with type 2 diabetes represent -90% of all 
people with diabetes. Poor glycemic con- 
trol remains a problem for many people. 
Forty-four percent of people with type 2 
diabetes have a hemoglobin A1C higher 
than the generally accepted target for most 
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patients of 7% (3). Despite the emergence 
of several new classes of pharmacologic 
agents, the introduction of medication-use 
guidelines and algorithms by major profes- 
sional organizations (4-6), the improve- 
ment in the quality and user-friendliness 
of devices for self-monitoring of blood glu- 
cose (SMBG), and the development of nu- 
merous care- and self-management tools 
for providers and patients that provide some 



decision support and facilitate the sharing 
of information, a significant number of type 
2 diabetic subjects remain suboptimally 
controlled. This state of affairs suggests the 
need for additional approaches to glycemic 
management for people with type 2 diabe- 
tes. Such an approach might be real-time 
continuous glucose monitoring (RT-CGM). 

RT-CGM provides patients with a glu- 
cose reading every 5 min, typically on a 
visual display that shows the glucose trend 
and whether it is above, below, or within 
preset ranges. RT-CGM has been shown to 
improve glycemic control and/or reduce 
the frequency of hypoglycemic episodes in 
pediatric and adult patients with type 1 
diabetes and in adult patients with type 2 
diabetes taking prandial insulin (7-14), al- 
though age and frequency of sensor use 
affect the magnitude of the A1C reduction 
(15). RT-CGM has not been used as a tool 
for diabetes management in patients with 
type 2 diabetes who are not taking prandial 
insulin, by far the largest subgroup of peo- 
ple with type 2 diabetes. Their glycemic 
monitoring relies on SMBG at a frequency 
and time of day commensurate with their 
treatment regimen. 

We sought to determine whether RT- 
CGM could play an adjunctive role in the 
management of patients with type 2 di- 
abetes who are not on prandial insulin. 
The rationale for this investigation was 
that the volume of information from 
RT-CGM and the visual display of that 
information as a trend could provide im- 
portant feedback to participants on their 
glucose status. We recently reported that 
RT-CGM over 12 weeks was associated 
with a clinically significant reduction in 
A1C (1.0%) over the same period of time 
compared with SMBG before meals and 
before bedtime (0.5%) (16). We now re- 
port the legacy effects of this 12-week in- 
tervention on glycemic control and other 
diabetes-related outcomes in the same 
cohort over a total of 52 weeks. 

RESEARCH DESIGN AND 
METHODS — The study recruited mil- 
itary health care beneficiaries from the 
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Walter Reed Health Care System. Patients 
were eligible for the study if they were 
aged > 18 years, had a diagnosis of type 2 
diabetes for at least 3 months, had an ini- 
tial A1C >7 but < 12%, were treated with 
diet and exercise alone or other glucose- 
lowering therapies except prandial insu- 
lin, were able to independently measure 
and read fingers tick blood glucose levels, 
and were willing to perform SMBG four 
times daily. All subjects attended an 
American Diabetes Association-recognized 
diabetes self-management education pro- 
gram. Patients who were pregnant, lactat- 
ing, or attempting pregnancy and those on 
glucocorticoids, amphetamines, and ana- 
bolic or weight-reducing medications 
were excluded. All subjects gave written, 
informed consent. Recruiting began 
1 June 2007, and ultimately 530 subjects 
were screened (Supplementary Fig. SI). 
One hundred subjects were enrolled by 
13 January 2010. Subjects were followed 
for 1 year. 

This was an investigator-initiated 
study sponsored by DexCom Corp. The 
design and intervals of measurement have 
been previously described (16). In brief, 
this was a 52-week, prospective, two-arm, 
randomized controlled study comparing 
the short-term (12 weeks) and long-term 
(52 weeks) relative effectiveness of RT- 
CGM with frequent SMBG. Those sub- 
jects randomly assigned to RT-CGM 
used a DexCom SEVEN (DexCom, San 
Diego, CA), which was calibrated ac- 
cording to the manufacturer's recom- 
mendations. RT-CGM occurred in four 
cycles (2 weeks/1 week off) for 3 months. 
Those in the RT-CGM group also were re- 
quested to perform SMBG before meals, 
at bedtime, and at the time of symptoms 
of hypo- or hyperglycemia. Alarms were 
set to activate at <70 and >180 mg/dL. 
After the initial 12 weeks, the RT-CGM 
group continued with SMBG for the du- 
ration of the study, as recommended by 
their usual provider. 

Those subjects randomly assigned to 
SMBG were asked to test before meals 
and at bedtime for 12 weeks, as well as 
during times associated with the symp- 
toms of hypo- or hyperglycemia. After 
the initial 12 weeks, they performed 
SMBG for the duration of the study, as 
recommended by their usual provider. 
All subjects were provided with and in- 
structed in the use of the AccuChek 
Aviva glucometer (Roche Diagnostics, In- 
dianapolis, IN). 

The study staff did not provide any 
care management. Subjects in both groups 



continued usual care for their type 2 
diabetes and were instructed to contact 
their primary care provider for all treat- 
ment decisions. Follow-up study visits 
were performed at 3-week intervals dur- 
ing the first 12 weeks and every 3 months 
during the follow-up phase. The study was 
approved by the human use committee/ 
institutional review board at the Walter 
Reed Army Medical Center. All subjects 
gave their written, informed consent to 
participate. 

Outcomes 

The primary outcome of the study was 
A1C over the course of the study, which 
was measured at baseline and quarterly 
thereafter. A1C was measured using a 
Roche/Hitachi Cobas c system with a Tina- 
quant Hemoglobin A1C Gen. 2 assay 
in the Walter Reed Clinical Laboratory. 
The a priori sample size calculation as- 
sumed that the analyses would use all five 
time points of A1C data (i.e., a repeated- 
measures analysis to characterize and ex- 
plain A1C over the course of the study). It 
further assumed a "medium" effect of 0.25, 
a = 0.05 (0.025 for a two-tailed test), 
power = 0.8, and a correlation of 0.40 
between the repeated measurements of 
A1C. The sample size calculation also as- 
sumed that the correlation of the A1C 
measures taken close together in time 
would be larger than the correlation be- 
tween A1C measures taken far apart in 
time (i.e., nonsphericity); the correction 
for nonsphericity used for the sample size 
calculation was 0.25 (1/ [repetitions — 1]). 
The total sample size required was 76 sub- 
jects, prior to inflating the estimate by 
4 subjects per covariate included in the 
analyses. We used G* Power 3.0. 10 to ob- 
tain this estimate. 

Secondary outcomes included blood 
glucose assessed by RT-CGM and SMBG, 
weight, blood pressure, and change in 
diabetes-related stress. SMBG data were 
analyzed using common metrics for the 
first 12 weeks (the active intervention 
phase) and the entire 52 weeks of the study, 
namely the mean and percentage of read- 
ings <70, >180, and >240 mg/dL and 
within the target range of 70-180 mg/dL. 
Weight was measured on a Scale-Tronix 
5005 Series scale, and blood pressure 
was taken using a Welch Allyn Vital Sign 
300 Series monitor. Diabetes-related dis- 
tress was measured using the Problem 
Areas in Diabetes (PAID) questionnaire 
(17). The PAID questionnaire is a self- 
administered questionnaire consisting of 
20 items that cover a range of emotional 



problems frequently reported in diabetes. 
Each item was coded to indicate the sever- 
ity of the problem (0 = not a problem to 4 = 
serious problem). We summed the 20 
items and multiplied by 1.25 to yield a 
final score between 0 and 100. SMBG 
data were collected by the health care pro- 
viders and accessed by study staff. Weight, 
blood pressure, and the PAID question- 
naire scores were measured at 0, 12, and 
52 weeks. We assessed absolute weight 
change, and we also categorized weight 
changes between 0-12 and 0-52 weeks 
as follows: no change (<3 pounds), 
weight gain (> +3 pounds), and weight 
loss (> — 3 pounds). We carried the last 
observation forward for missing data, un- 
less otherwise indicated in our results. 
With respect to the primary outcome, 
67 subjects had an A1C test at all five 
time points, 14 had an A1C test at four 
time points, 13 had an A1C test at three time 
points, and 6 had one to two A1C tests. 

Independent variables 

In addition to treatment group, the main 
independent variable, the study also char- 
acterized "usage" of the real-time contin- 
uous glucose monitor among participants 
in this group to differentiate between 
those who followed the protocol and 
those who did not. The protocol called 
for 56 days of usage. Assuming schedul- 
ing difficulties or the preference to re- 
move the sensor prior to a holiday or 
weekend, we determined that the mini- 
mum time to wear the sensor over the 
full 12 weeks to be considered per pro- 
tocol should be 48 days. Thus, we 
created a usage variable with the follow- 
ing categories: no usage (SMBG group), 
<48 days of usage, and >48 days of us- 
age. We similarly differentiated subjects 
in the SMBG group, creating an indicator 
that separated those who tested less than 
once per day from those who tested one 
or more times per day. We also analyzed 
the number of days of RT-CGM as a con- 
tinuous variable. 

Confounding variables 

The study collected data for a variety of 
additional predictors of change in A1C 
and/or successful implementation of RT- 
CGM, including age, sex, type of therapy 
at baseline (diet and exercise only, oral 
medications only, oral medications plus 
exenatide, or basal insulin alone or in 
combination), and whether the subject 
started basal and/or prandial insulin dur- 
ing the course of the study. In addition, 
we recorded all diabetes medications at 
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baseline, including whether subjects were 
taking insulin or another injectable med- 
ication for diabetes (i.e., exenatide or 
pramlintide) and whether changes were 
made in those medications over time (i.e., 
additions of new medications, discontin- 
uations, or dose changes). 

Statistical analyses 

First, we tested for the group's equality 
with respect to selected baseline charac- 
teristics, medications at baseline and over 
time, and outcome variables over time, 
using t tests, x 2 tests, Fisher exact tests, 
and repeated-measures ANOVA. 

Second, we calculated the change from 
baseline in A1C, weight, blood pressure, 
and the PAID questionnaire scores by 
subtracting the baseline values from the 
values obtained at the follow-up visits and 
then graphed the mean change from base- 
line over time and by group to illustrate the 
study subjects' trajectories. 

Third, for A1C, weight, blood pres- 
sure, and the PAID questionnaire scores, 
we conducted multilevel models for lon- 
gitudinal data (also called mixed models, 
using PROC MIXED in SAS 9.2). These 
models allowed us to examine all of the 
data over time to get an overall sense of 
change and stability, not just mean 
changes from baseline at each individual 
time point. In addition, the models in- 
cluded treatment group as a fixed effect 
and generated a result for this effect, 
which represented the mean difference 
of the outcome between the two groups at 
baseline; in other words, the model ad- 
justed for possible baseline differences in 
the outcome between the groups. The 
multilevel models included a variable for 
time; a transformation of the time variable 
(1/time 2 ) to reflect the deceleration of 
change in the outcome over time that we 
predicted (given that the active interven- 
tion was 12 weeks and the study lasted for 
52 weeks), age, sex, diabetes therapy, and 
initiation of basal or prandial insulin dur- 
ing the study. The models specified the 
Toeplitz covariance structures for the ma- 
trix of the within-subject residuals. 

Fourth, the analyses compared the 
groups' SMBG results, testing for group 
differences in mean SMBG values using 
t tests and in percentages above and below 
the aforementioned thresholds and in per- 
centages within the target range using 
X 2 tests. All tests were two-tailed, unless 
otherwise specified. 

In addition, because the PAID ques- 
tionnaire scores at each time point were not 
normally distributed, we also conducted 



nonparametric analyses of them. Specif- 
ically, we conducted the Wilcoxon- 
Mann- Whitney test of the total PAID 
questionnaire scores at baseline and Fried- 
man two-way nonparametric ANOVA in 
which each subject's PAID questionnaire 



scores were rank ordered, and the ranked 
values were analyzed. 

RESULTS — The subjects' characteristics 
with respect to age, diabetes therapy, and 
perceived level of stress at baseline and over 



Table 1 — Characteristics of the study subjects by treatment group 



Variable 


SMBG 


RT-CGM 


P 


n 


50 


50 












Age categories (years) J 


<30 


1 (2.0) 


0(0) 




30-39 


3 (6.0) 


3 (6.0) 




50-59 


12 (24.0) 


24 (48.0) 




60-69 


16 (32.0) 


9 (18.0) 




70-79 


12 (24.0) 


3 (6.0) 




>80 


1 (2.0) 


1 (2.0) 




Malet 


22 (44.0) 


33 (66.0) 


0.03 


Therapyt 








Diet and exercise only 


4 (8.0) 


3 (6.0) 


0.76 


Oral medications only 


27 (54.0) 


24 (48.0) 




Oral medications/exenatide 


5 (10.0) 


4 (8.0) 




Basal insulin, alone or 


Started basal or prandial insulin 








during the studyt 


14 


6 


0.05 




Baseline* [$] 


197.3 ± 46.4 


206.5 ± 35.7 


0.27 [0.43] 


12 weeks 


196.5 ± 43.1 


202.6 ± 32.3 




52 weeks 


195.3 ± 41.1 


202.4 ± 34.3 






Baseline* [$] 


32.7 ± 7.7 


31.9 ± 5.8 


0.54 [0.61] 


12 weeks 


31.8 ± 6.2 


31.3 ± 5.4 




52 weeks 


31.7 ± 6.3 


31.4 ± 6.0 




Systolic blood pressure (mmHg) 


Baseline* [|] 


132.5 ± 19.3 


130.8 ± 16.2 


0.63 [0.14] 






129.3 ± 16.7 




52 weeks 


135.2 ± 19.1 


128.5 ± 17.6 




Diastolic blood pressure (mmHg) 


Baseline* [$] 


77.6 ± 9.8 


79.0 ± 8.9 


0.52 [0.82] 


52 weeks 


78.0 ± 10.8 


78.4 ± 10.9 




PAID questionnaire score 


Baseline* [$] 


23.9 ± 22.3 


25.7 ± 20.8 


0.96 [0.09] 


12 weeks 


17.1 ± 18.0 


19.9 ± 17.1 




52 weeks 


18.4 ± 20.5 


19.6 ± 20.5 




A1C (%) 


Baseline* [$] 


8.2 ± 1.1 


8.4 ± 1.3 


0.24 [0.04] 


12 weeks 


7.7 ± 1.2 


7.4 ± 1.0 




24 weeks 


7.6 ± 1.3 


7.3 ± 1.1 




38 weeks 


7.7 ± 1.3 


7.6 ± 1.2 




52 weeks 


7.9 ± 1.4 


7.7 ± 1.1 





Data are means ± SD or n (%). For diabetes distress, as measured by the PAID questionnaire, the last ob- 
servation was not carried forward because of nontrivial missing data, n = 38 in the repeated-measures 
ANOVA. As noted in the statistical analyses section, we also conducted nonparametric analyses of the PAID 
questionnaire scores. The Wilcoxon-Mann-Whitney test for baseline yielded a P value of 0.85, and the 
Friedman test of the ranked PAID questionnaire scores over time yielded a P value of 0. 18. *P value is from a 
t test, f P value is from a x 2 test. $P value is from a repeated-measures ANOVA. 
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time for the outcome variables are shown 
in Table 1. Subjects in the RT-CGM group 
were slightly younger, on average, and there 
were more men in the RT-CGM group than 
in the SMBG group. Baseline therapies be- 
tween the two groups were similar. There 
were no differences between the RT-CGM 
and SMBG groups in mean weight, systolic 
or diastolic blood pressure, or PAID ques- 
tionnaire scores at baseline or over time 
(for parametric and nonparametric analy- 
ses). However, A1C patterns over time dif- 
fered for the two groups (P = 0.04). 

The groups did not differ at the 0-, 
12-, and 52-week visits with their pro- 
viders in terms of the numbers of oral 
hypoglycemia medications, numbers of 
noninsulin injectables, and whether they 
were taking insulin (Supplementary Ta- 
ble S2). Although subjects in both groups 
had an overall intensification of their 
medication regimen over the course of 
the study, fewer subjects in the RT-CGM 
group were started on insulin (6 vs. 14 
subjects in the SMBG group) between 
baseline and the last visit (P = 0.05). 



The unadjusted means ± SD A1C de- 
creased by 1.0 ± 1.1%, 1.2 ± 1.7%, 
0.8 ± 1.7%, and 0.8 ± 1.5% in the RT- 
CGM group vs. 0.5 ± 0.8%, 0.5 ± 1.0%, 
0.5 ± 1.1%, and 0.2 ± 1.3% in the SMBG 
group at 12, 24, 38, and 52 weeks, respec- 
tively (Fig. 1). After statistical adjustment 
for age, sex, baseline therapies, and 
whether the subject was started on insulin 
over the study, the rates of change in A1C 
were 1.16 X (1/time 2 ) (P < 0.0001) for 
the RT-CGM group and 0.51 X (1/time 2 ) 
(P = 0.002) for the SMBG group. In other 
words, the adjusted decline in A1C for the 
RT-CGM versus SMBG group was 0.9 
vs. 0.4% from baseline to 12 weeks, 1.0 vs. 
0.5% from baseline to 24 weeks, 1.1 vs. 
0.5% from baseline to 38 weeks, and 1.1 
vs. 0.5% from baseline to 52 weeks. Age, 
taking only oral hypoglycemia medica- 
tions, insulin, noninsulin injectable med- 
ications at baseline (vs. diet and exercise), 
and starting insulin were significant pre- 
dictors of an increase in A1C over time. 

Consideration of the usage of the real- 
time continuous glucose monitor showed 




0 12 24 38 52 

Weeks 

Figure 1 — Mean A1C change from baseline by treatment group. Change equals later A1C 
minus baseline Al C. This figure shows the raw mean changes and SEMs. A separate multilevel 
model of the actual A1C values, with a transformation of the time variable to reflect the 
deceleration of change over time (1/time 2 , with time defined as 1-5), showed that the decline 
in Al C over the course of the study differed between the groups net of other factors known to 
cause A1C change: age, sex, diabetes therapy, and initiation of insulin during the study. 
Specifically, the results of a multilevel model found that the decline for the SMBG group was 
0.51% (P = 0.002) and the decline for the RT-CGM group was 1.16% (P < 0.0001). These 
estimates must be multiplied by 1/time 2 to obtain the change in A1C, which occurred at each 
time point. 



that subjects who wore the sensor for 
>48 days had the greatest drop in mean, 
unadjusted A1C compared with those 
who wore it for <48 days (i.e., 1.2 ± 
1.1% vs. 0.6 ± 1.1%, 1.5 ± 1.5% vs. 
0.6 ± 1.5%, 1.1 ± 1.7% vs. 0.2 ± 
1.5%, and 1.0 ± 1.5% vs. 0.3 ± 1.3% 
at 12, 24, 38, and 52 weeks [Fig. 2A]). 
When adjusted for potential confound- 
ers, subjects in the RT-CGM group who 
wore the sensor for at least 48 days expe- 
rienced the following decline in A1C: 
1.0% from baseline to 12 weeks, 1.2% 
from baseline to 24 weeks, and 1.3% 
from baseline to 38 and 52 weeks. By 
comparison, subjects in the RT-CGM 
group who did not wear the sensor per 
protocol experienced a decline in A1C 
of 0.7% at 12 weeks, with no further de- 
cline for the duration of the study. Age, 
sex, diabetes therapy at baseline, and 
starting insulin during the study were 
not significant in this model. In our anal- 
ysis of the total number of days of RT- 
CGM and A1C over the course of the 
study, we found that for each single day 
of RT-CGM (a continuous variable), A1C 
declined by 0.02 (P = 0.02). 

The raw means for the subjects in the 
SMBG group who tested their blood glu- 
cose less than once per day versus those 
who tested one or more times per day 
during the first 12 weeks are shown in Fig- 
ure IB. These data suggest that the more 
frequent testers derived the greater benefit 
(i.e., their A1C declined 0.6 ± 0.8% during 
the 0- to 12-week interval [vs. —0.2 ± 
0.4% for the less frequent testers] and re- 
mained steady until A1C levels began to 
increase, making their overall decline in 
A1C for the 0- to 52-week period 0.3 ± 
1.4% vs. 0.0 ± 1.1% for the less frequent 
testers). The adjusted rate of change from 
the multilevel model showed that A1C for 
the frequent SMBG testers declined faster 
than that of their counterparts [0.67 X 
(1/time 2 )] (P < 0.001), but the frequent 
SMBG testers did not attain the depth and 
sustainment of decline in A1C as that seen 
in the RT-CGM subjects. 

Summary SMBG statistics for both 
the RT-CGM and SMBG groups showed 
that, on average, 3.6 vs. 2.5% of the total 
number of SMBG readings obtained from 
subjects over the course of the study were 
<70 mg/dL for the RT-CGM and SMBG 
groups, respectively (P = 0.06) (Supple- 
mentary Appendix 3). The improvement 
in A1C occurred without a notable in- 
crease hypoglycemia. 

The mean weight change during the 
0- to 12-week and 0- to 52-week time 
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SMBG 

... RT-CGM < 48 days 
RT-CGM >/= 48 days 



RT-CGM 
SMBG<l/day 
SMBG >/= 1/day 



Figure 2 — Mean A1C change from baseline per subject adherence to the study protocol, within 
the treatment groups. Change equals later A1C minus baseline A1C This figure shows the raw 
mean changes and SEMs. In the RT-CGM group, 16 subjects wore the technology <48 days and 
34 wore it >48 days. In the SMBG group, 9 subjects tested less than one time per day and 41 tested 
one or more times per day. A: The line for the SMBG group is indicated as a reference only; these 
participants were not included in the multilevel model. B: The line for the RT-CGM group also is 
indicated as a reference only. Two separate multilevel models of the actual A1C values, with 
a transformation of the time variable to reflect the deceleration of change over time {II time 2 ), 
showed that the decline in Al C over the course of the study differed between the usage groups net 
of other factors known to cause A1C change: age, sex, diabetes therapy, and initiation of insulin 
during the study. Specifically, the results of multilevel models found that the decline for the group 
that took part in RT-CGM for <48 days was 0. 76% (P = 0.008), the decline for the group that took 
part in RT-CGM for >48 days was 1.31% (P < 0.0001 ), the decline for the group that performed 
SMBG less than one time per day was 0.18% (P < 0.58), and the decline for the group that 
performed SMBG one or more times per day 0.67% (P < 0.001). These estimates must be mul- 
tiplied by 1/time 2 to obtain the change in A1C that occurred at each time point. 



periods did not differ between the groups. 
However, more people in the RT-CGM 
group experienced weight loss of >3 
pounds in the 0- to 12-week time period 
compared with the SMBG group (P = 
0.03) (Table 2). The categorical weight 
change was similar between the two 
groups in the 0- to 52-week time periods 
(P = 0.2). 

CONCLUSIONS— RT-CGM provides 
important feedback about glycemic 
trends in response to meals, exercise, 
and insulin in type 1 diabetic subjects 
and type 2 diabetic subjects on prandial 
insulin with resultant improvement in 
overall glycemic control (7-14). Accord- 
ingly, we thought that RT-CGM would be 
similarly effective for people with type 2 
diabetes who are not taking prandial in- 
sulin. RT-CGM provides not only point 
data but also a graphical display of glucose 
trends superimposed on preset targets. In 
fact, our previous report demonstrated 
that episodic, short-term RT-CGM was ef- 
fective in improving glycemic control over 
12 weeks in subjects with type 2 diabetes 
who were not on prandial insulin (16). We 
also postulated that short-term exposure 
to RT-CGM might have lasting effects be- 
yond the active intervention phase. To our 
knowledge, ours is the first study that has 
used this technology in a population that 
is reflective of the majority of people with 
type 2 diabetes (18). 

The 52-week data suggest that there 
is a lasting effect on A1C from short-term 
(12 weeks) exposure to RT-CGM. The 
trend data suggest that there is continued 
improvement until 24 weeks. After 24 
weeks, the effect of RT-CGM attenuates, 
but A1C does not return to baseline by 52 
weeks. This finding raises the possibility 
that periodic use of the technology every 
few months might be beneficial. 

Similar to the findings in studies of RT- 
CGM in patients with type 1 diabetes, the 
frequency of usage is an important vari- 
able in its success. Although the intention- 
to-treat analysis demonstrated a significant 
benefit of the technology, those who used 
the technology per protocol had an even 
greater benefit. 

The improvement in A1C occurred 
in a patient population whose demo- 
graphics and medication use is typical of 
that seen in the U.S. (18). The study team 
did not make any recommendations about 
medication usage; medication changes were 
managed by the subjects' usual providers. 
Both groups were similar with regard to 
the number of oral hypoglycemic and 
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Table 2 — Weight change by treatment group 





0- 


-12 weeks 


0- 


-52 weeks 




RT-CGM 


SMBG P 


RT-CGM 


SMBG P 


Weight loss (> — 3 pounds) 


20 (40) 


9 (18) 0.03 


23 (46) 


17 (34) 0.37 


No weight change 


24 (48) 


29 (58) 


16 (32) 


15 (30) 


Weight gain (> +3 pounds) 


6(12) 


12 (24) 


11(22) 


18 (36) 



Data are n (%). P values are from x 2 tests. 



injectable diabetes medications at baseline. 
Although the burden of diabetes medica- 
tions increased in both groups over the 
year, there was no difference between the 
groups in the number of medications at any 
point throughout the study, except that 
fewer subjects in the RT-CGM group were 
started on insulin. 

RT-CGM was not associated with 
changes in blood pressure or diabetes 
distress over the course of the study. 
However, it was associated with weight 
loss during the active intervention 
phase, although not over the course of 
the full study. It is unclear at this time 
why these often-related comorbidities 
did not also improve, or, as in the case of 
weight change, the differential improve- 
ment was not sustained. One of the lim- 
itations of this study is that we did not 
investigate the behavioral changes con- 
comitant with RT-CGM. In addition, we 
are unable to determine how long the 
real-time continuous glucose monitor 
must be used to achieve the legacy ef- 
fects. Additional studies may be able to 
identify what specific factors yielded the 
glycemic improvement and how many 
cycles or days of RT-CGM are necessary 
to achieve an effect. 

The improvement in glycemic con- 
trol that we observed with RT-CGM com- 
pares favorably with the improvements 
achieved by pharmacologic interventions 
with additional oral agents and/or insulin. 
Two recent reports showed an approxi- 
mate A1C reduction of 1.0% with the ad- 
dition of a second agent to metformin 
(19,20), and the addition of a third agent 
causes a further reduction of 0.64-0.97% 
(21). However, the addition of more drugs 
can result in well-recognized adverse 
effects (e.g., weight gain with insulin, 
thiazolidinediones, and sulfonylureas; hy- 
poglycemia with insulin and sulfonylureas; 
and heart failure with thiazolidinediones). 
We did not find that the improvement in 
A1C was associated with more hypoglyce- 
mia either by SMBG or clinically, although 
the study was not designed to directly test 
this possibility. 



We also found no difference in SMBG 
results between those in the RT-CGM 
group and the SMBG group at 3 and 12 
months despite the difference in A1C. 
Two reasons might account for this: 1 ) the 
frequency of SMBG readings is only a 
small fraction of the total number of 
blood glucose determinations in RT- 
CGM; and 2) patients were asked to per- 
form SMBG metrics before meals and at 
bedtime. This suggests the possibility that 
the improvement resulted from reduced 
postprandial glycemic excursions. 

Although this study was not designed 
to test the efficacy of SMBG in patients 
with type 2 diabetes, it seems that testing 
more than once per day provides some 
benefit compared with testing less than 
once per day. These observations inform 
the debate about whether SMBG is ben- 
eficial in most patients. The use of SMBG 
in patients with type 2 diabetes who are 
not taking insulin is controversial. Two 
meta-analyses of randomized controlled 
trials found that SMBG decreased A1C by 
0.39 and 0.42% (22,23). Other meta- 
analyses found a lower effect of 0.24 and 
0.26% (24,25). The most recent system- 
atic review failed to show a clinically sig- 
nificant reduction of SMBG in A1C (26). 
Nevertheless, our SMBG results are con- 
sistent with the trials showing a statisti- 
cally and clinically significant effect of 
SMBG. 

One of the limitations of this study is 
that we did not have the patients perform 
paired testing (pre- and postprandially), 
which would have been the most direct 
comparator. Recently published studies 
suggest that this may be an effective 
strategy (27-29). Nevertheless, there has 
been no clear guidance to date from the 
major professional organizations about 
the timing and frequency of SMBG in 
this patient population (30-32). 

In summary, intermittent RT-CGM 
over 12 weeks significantly improved 
glycemic control in a population of pa- 
tients with type 2 diabetes not taking 
prandial insulin both during and for up 
to 1 year following the intervention. The 



magnitude of the improvement was com- 
parable to the reported "add-on" pharma- 
cotherapy, and it did so without any 
greater intensification of pharmacother- 
apy compared with the SMBG group. Ad- 
ditional studies will be needed to confirm 
these results as well as determine the 
mechanism by which the improvement 
occurred, the minimum time for RT- 
CGM to be effective, and the effect/timing 
of refresher courses of this intervention. 
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